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Job 1. Catch Per Unit of Effort 
The number of pound nets operating (Table 1-1) has'been stable 
over the last two years. However, the number of stake gill nets in 
the rivers in 1971 (Table 1-2) was greater than the count of 1970. 
This increase was most pronounced in the York and James rivers. 
At the time of writing of our report last year the NMFS preliminary 
catch estimate was 10 mill.ion pounds, subsequently it was revised 
to 15.4 million pounds. The preliminary estimate by NMFS of the 
catch of river herring in 1971 is 10.3 million pounds (W. N. Kelley, 
personal communication), about 5,1 million pounds less than in 1970. 
The decline in river herring is attributable mostly to harvest on 
the high seas by foreign vessels. 
Pound nets in the Rappahannock River above RAlO caught an 
estimated 874,753 pounds of river herring (429,582 pounds of alewife 
and 445,171 pounds of blueback herring) and about 57,757 pounds of 
shad from March 2 to May 19 (Table 1-3). 
The catch of shad in the Rappahannock River by stake gill nets 
from February 26 to April . 30 was estimated at 459,997 pounds, of 
which only 114,252 pounds was males (Table 1~4). Since pound nets are 
assumed to be nonselective for size and since they caught about an 
equal number of males and females, the catch of 3 females to 1 male 
in gill net landings probably arises from the escapement of smaller 
males and from the lack of a market for males .. Total catch of shad 
in the Rappahannock River by both pound nets and stake gill nets 
was estbnated at 517,154 pounds. Stake gill necs also cook an est~nated 
- ' i 
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42,851 pounds of hickory shad, the bulk of which were probably females. 
Males are usually discarded at the net since there is no market for 
them. The estimated catch of hickory shad in 1971 was about 50% of 
that caught in 1970. 
Stake gill nets in the York River caught an estimated 434,890 
pounds of shad and 4,561 pounds of hickory shad (Table 1-5). In 
1970 the catch of shad was :.S9, 112 pounds. The larger increase in 
catch during 1971 is due, we think, to a larger population of adult 
fish and more fishing effort. The catch of male American and hickory 
shad was undoubtedly greater than the landing. The market for these 
fish was so poor that fishermen discarded most of them at the net. 
Pound nets in the York River were not suitably positioned to serve 
as indices of the run of river herring or shad. 
Stake gill nets in the James River took an estimated 1,961,460 
pounds of shad between March 3 and May 5, 1971 (Table 1-6). In 
1970 the catch of shad was 1,962,359 pounds. Gear selectivity and 
market conditions are reflected by the harvest of only 243,059 
pounds of bucks. The fishermen from whom we obtained records reported 
no hickory shad. Pound nets in the James River were not suitably 
positioned to serve as indices of the run of river herring or shad. 
In the Potomac River the catch of river herring declined slightly 
from 6,148,702 pounds in 1970 to 5,855,148 in 1971 (Table 1-7). 
However, the catch of shad in the Potomac River increased from 170~182 
in 1970 to 354,376 in 1971. Again, the catch of buck shad was low 





Tab le 1-1. Number of Pound nets in Chesapeake 
Bay and tributaries, spring 1971. 
,--1 ,--1 ,--1 ,--1 .-1 
r--- .-1 r--- .-1 r--- r--- .-1 r---
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r--- I co I l'0 0 I Ln 
.-1 If) ,--1 m N .-1 tj- N 
Area 
I I I I I I I I 
N I") I") tj- tj- Ln U) U) 
James River 0 2 2 2 2 2 2 1 
York River 2 3 3 3 4 4 4 4 
Rappahannock River 1 26 45 52 52 40 22 4 
Potomac River 0 9 14 34 47 63 52 3 
Cape Henry to Wi.lloughby 
Point 3 4 4 3 4 5 4 3 
Old Point to Tue Marsh 
Point 0 9 13 16 15 12 9 3 
Back River 0 6 7 6 7 7 5 3 
Poquoson River 1 1 1 1 1 1 1 0 
York Spit 0 0 0 3 7 7 7 7 
Mobjack Bay 0 1 2 4 4 5 4 3 
New Point to Stingray Point 0 12 20 20 26 28 25 17 
Piankatank River 0 2 3 4 4 4 2 2 
Windmill Point to Smith 
Point 5 13 17 20 23 26 17 7 
Great Wicomico River 0 0 1 1 1 1 1 1 
Eastern Shore-N. Hungar 
Creek 0 0 0 0 0 0 0 1 
Eastern Shore-S. Hungar 
Creek 0 1 2 8 17 23 21 15 
TOTAL 12 89 134 177 214 228 176 74 
1 .. . 
-. 
}---f1 
Table 1-2. Number of stake gill nets fishing in Virginia river 

























Table 1- 3 . Catch by pound nets in the Upper Rappahannock River, i.971. '""i': 
Shad River Herring 
Roe -- Buck Alewife Blueback .£:; 
.£:; U) 
.£:; :i:: .£:; U) u u .£:; U) u u .µ 'O .µ u .µ 'O .µ 0 .µ 'O .µ .µ Cl) Cl) ro .µ .µ 
U) .j...J Cl) (l) ro .j...J Cl) (l) ru ro z .µ u h h 0 U) >, ru z .µ u ru z .µ u u ro G.J U) G.J z .µ ru 'd u ro u ru X .~~ u 'O u (l) t=l G.J X .~~ X .~~ • (l) h G.J •z .£:; • G.J • (l) G.J 'O .µ .µ H ~ H .µ (l) • U) G.J 'O .j...J .µ G.J 'O .µ .µ > h U) 0 G.J 0 G.J ru > 4--i 0 •rl > h U) 0 > h U) 0 ,::C H µ_:i E----l P-, P-, P-, t=\ s: Q z bbl 6C 1::::1 C1J 8 6:1:! !:d C1J !;:I 
March 2-15 20 9 2.4 432 6.1 1,098 557 100,260 100 100,260 0 
March 16-31 35 8 9.8 2,744 19.4 5,432 835 233,800 95 222,110 5 
April 1-15 37 11 38.2 15,547 19.1 .7, 77 4 291 118,437 43 50,928 57 
April 16-30 36 9 28.6 :,. 9,266 19.3 6,253 874 283, 176 13 - 36,813 87 
May 1-15 30 4 26.8 3,216 30.5 3,660 1,159 139,080 14 19,471 86 
May 16-19 25 2 19.5 975 27. 2 1,360 
TOTALS 32,180 25,577 874,753 429,582 
* Only nets between RA-10 and RA-55 were sampled to represent fish assumed to spawn in the 
Rappahannock River system. 
Estimated total catch of shad 57,757. 
,. .. _.......... .. . . ·"·--·---··"''·····- ··--·-· -·--· ------· .. __ ,,,,,_ ................ ------------------"--·-- ' .... ·.,. •::,,._. ____________ ._ , ,. 

















Table 1-4. Catch by stake gill nets in the Rappahannock 
River, 1971. 
Date Roe Buck Hickory 
Shad Shad Shad 
Feb. 26 968 120 
March 1 798 435 
2 82 408 
3 189 383 
4 -
5 4,531 2,901 
6 2,181 780 
7 489 1,434 
8 
9 2,927 738 
10 650 1,607 
11 65 391 
12 179 408 
13 600 1,523 
14 
15 2,001 1,478 24 
16 2,624 2,233 82 
17 1,092 
18 6,224 ,3, 588 203 
19 4,411 4,501 82 
20 4,552 3,521 
21 
22 4,251 2,492 101 
23 1,661 1,022 148 
24 1,566 302 
25 3,775 3,437 588 
26 1,993 670 194 
27 15,126 6,031 
28 
29 812 
30 2,862 976 
31 1,320 574 
April 
1 9,466 1,982 724 
2 4,010 4,371 746 
3 8,500 4,147 443 
4 6,708 3,656 1,778 
) 5 8,553- 5,043 2,231 
6 17,363 3,879 2,054 
7 26,131 9,461 1,436 
1-7 
Tab le 1-4 (continued) 
Date Roe Buck Hickory 
Shad Shad Shad 
April 8 13,058 6,645 4,650 
9 13,370 4,093 1,269 
10 13,217 2,816 2,266 
11 18,960 5,498 5,115 
12 28,973 5,675 4,735 
13 24,835 2,965 2,489 
14 
15 24,441 2,274 3,978 
16 10,464 1,607 1,681 
17 12,948 1,108 1,331 
18 2,070 4,205 
19 6,112 563 1,140 
20 3,428 998 990 
21 11,918 375 825 
22 907 75 60 
23 4,615 403 526 
24 
25 
26 4,558 410 638 
27 
28 
29 1,994 115 
30 1,217 50 209 
345,745 114,252 42,851 
' .. 
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Table 1-6. Catch by stake gill nets in the James River, 1971. 
Date Roe Buck Hickory 
Shad Shad Shad 
March 3 594 6,435 
4 




9 1,485 4,554 
10 
11 
12 150 1,050 
13 4,191 11,220 
14 
15 8,514 17,721 
16 6,765 19,800 
17 11, 715 26,400 
18 6,369 11,154 
19 5,500 5,550 
20 
21 
22 14,850 14,355 
23 15,250 11,975 
24 13,300 8,425 
25 5,250 4,075 
26 
27 
28 15,000 9,500 
29 4,375 4,575 
30 11,525 11,875 
31 11,825 10,950 
April 1 13,200 10,000 
2 
3 35,000 22,500 
4 39,375 24,000 







I 12 61,875 
~~ 






'J Date Roe Buck Hickory 
Shad Shad Shad 
















May 1 33,100 ·\.; 
2 42,300 1, 









TOTAL 1,718,401 243,059 
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Job 2. Mortality Rates and Population Sizes 
Mortality rates and population sizes of alewife collected in the 
Rappahannock and Potomac rivers from 1965 to 1969 were est~nated by 
several means. The estimations and a consj_deration of their yalidity 
formed the basis of a Master of Arts thesis by N. c. Tsimenides entitled 
"Mortality Rates and Population Size of ·the Alewife Alosa pseudoharengus 
(Wilson) in the Rappahannock and Potomac Rivers". The thesis is 
Appendix 1 to this report. 
We hav2 continued to accumulate information on age structure of 
the population in each river system to the extent that the fishery 
allows. As is pointed out in Job 1, the fishery provides no basis for 
constructing catch curves for the James River and the York River. 
Nevertheless scales have been collected and examined (Tables 2-1, 
2-2). In the Potomac River and Rappahannock River, the position of 
pound nets is such that we can estimate the composition of the total 
catch from our samples. Therefore, during this contract year we 
have added one more year of data to the family of catch curves which 
has been increasing over the years (Figs . . 2-1 through 2-12). 
It is noteworthy that the 1970 spawning class was the smallest 
on record for both alewife and blueback in the Rappahannock River and 
for alewife in the Potomac River. Only the 1969 spawning class of 
blueback in the Potomac was smaller than the 1970 spawning class. 
The 1970 spawning class of blueback was produced in 1965 and that of 
alewife in 1966 for the most part. The harvest in 1965 was the highest 
2-2 
in recent years at 36 million pounds. In 1966 it dropped to· 28 million 
pounds, which is within the range of fluctuation prior to inception 
of the ocean fishery. Thus, to the _extent that catch is indicative 
of population size, the parental population would appear to have been 
adequate. 
The large catch in 196 5 raises the question of whether the stock 
was overfished. If fishing mortality had been excessive in 1965, the 
number of one-check fish in the 1966 catch would have been unusually 
small. However, as is shown by Figs. 2-9, 2~10, 2-11, 2-12, the 
virgins of 1965 were well-represented in 1966. Apparently escapement 
was adequate. 
In 1969 and again in 1970 the Soviet fishing fleet took approxi-
mately 20 million pounds of river herring in ICNAF Subarea 6. Although 
the propo 17 tion of the catch taken from each parental stream stock is 
unknown, circumstantial evidence indicates that a considerable 
quantity was from the Potomac and Rappa~annock and accounts for the 
very low recruitment in 1970. 
The harvest by the offshore fishery in addition to that of the 
traditional Chesapeake Bay fishery has increased the total annual 
mortality rate of the river herring in the Potomac and. Rappahannock 






Table 2-1 Spawning hi s tory of Alosa i n J ames River based on 
weekly samples f rom one index site per r iver 
1970 
Spawning Checks Alewife Blueback A. Shad . 
cf 9 cf 9 d 9 
:: .• 
0 142" 49 95 17 71 164 
1 54 10 29 8 43 68 1 
2 43 13 18 4 33 11 
3 39 6 6 0 8 1 
4 3 4 0 0 3 0 
5 2 2 0 0 1 0 





Table 2-2 . Spawning history of Alosa in York River based on 
weekly samples from one index site per river. 
1970 






0 100 108 3 5 17 25 
1 39 46 4 2 15 15 
2 30 28 1 2 4 9 
3 13 32 1 1 2 0 
4 2 14 0 0 1 1 
5 0 1 0 0 0 0 
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Fig. 2-4, Estimated nurr.ber of blueback 





























·· .. \ . 
\.\\ ... \\ 
. ...._ /\ 
·. ·. ......... / \ 
/ . ·. / ......... \ 
... ... \\ ·>./ \ \ 
.... \"( ·.. \ \ 
·\ ....... ·. \ \ 









\ ·'(·.' ', ·,··.\ ', 
L---~. - . · . . -:- - ..:-._ 
\_ ··. ...~ ··-.. __:..~ ··:--··~ 
0 4-----.----.----.----=:::' .,.=-=-=-· =-=-·-===-:-'~===:.;-.:::;:.:;.:: 










































. . . . . . . 
_\-- /,\ ·. 







/ .. ~" \ · .. 
........ ""/ \ \ · .. 
........ _~""""- \''· 
. ''\. \\ 
·. '\\ \-... ... 
. \ \ .. 
\ ', ·· .. ' ·. ·\ ,,··,;, ' ,·- ~,~·. 
'----.:-.-;::----~-=..:·:....- .... ~ 
'- •• - •• _-:-:-· :::.,..._ .... ,·o::.:..., - - -0 -1------,----,....,.;...,:.....::::=::..!..!;:=:::...:...:-=~..:...:...::=-~----, 
0 2 3 4 5 6 
SPAWNING CHECKS 
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Fig. 2-7 . Catch curves of blueback herring 
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Fig. 2-8, Estimated nwnber of blueback 
herring caught in the Potomac River 
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-------------------------------------~~ 
Fig. 2-13. Catch curves of several spawning classes of river 
herring in two rivers of the Chesapeake Bay System. 
Spawning classes are designated by the year in which 
2-17 
the fish made their first spawning run. Solid lines 
designate spawning classes which matured before inception 
of the oceaniQ fishery. Broken lines designate those 
which matured after inception of the oceanic fishery. 
A, Logarithmic plots of estimated numbers caught from 
each spawning class in each successive year. 
B, Catch curves plotted from a common origin in order 
to facilitate comparison of slopes of the lines. The 
increase in slope of the lines each year indicates an 
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Job 3. Relative Abundance of Juvenile Alosids 
The juveniles of blueback herring, alewife, and American shad 
Were sampled for the third consecutive year in the James River in 
August. The sampling gear, as in years past consisted c,~ a 10 ft 
Cobb trawl towed for five minutes at the surface. Similar tows were 
made at mid-depth. The same stations were sampled in 1969, 1970, and 
1971. The R/V Langley, owned and operated by· the Virginia Institute 
of Marine Science, gathered the samples on which the following analysis 
is made. 
Absolute differences in catches are often inadequate to allow 
meaningful conclusions on possible differences in fish populations. 
Therefore, statistical procedures which separate differences based 
on relative magnitude and variability around a central mean are nece.ss-
ary. A factorial design satisfied th!= sampling theory, but we are 
unsure if the data conform to the assumptions implicit in population 
sampling and readily meet the factorial requirements. For example 
the Volume per haul, v, must be unity over time and the number of 
f. . 
lsh in each increment of volume, Av, must have a· probability 
distribution which depends on .6. v but not v. The first requirement 
if not met, has its own component of variability and the second its 
own component. The second requirement simply states there must be 
no · · h · interaction between the fJ.sh sue 'as attraction or repulsion. 
' 






density and seriously skew the catch distribution. If we assl.lrne our 
sampling program adequately represents a constant fraction of each 
species j, at each k station, for each i year, then relative differences 
between the unweighted means ·of j, k, and i can eas.ily be detected 
with non-statistical techniques. Since we are completely ignorant 
of the above, we have employed a preliminary factorial analysis of 
our present data to estimate the variability and the differences 
necessary in the j, k and i means to allow meaningful conclusions 
on ac tua 1 difference in the population means· Furthermore, the 
departure from normality of the raw data must also affect the results. 
Accordingly, the following analysis must be considered tentative and 
the data subject to reanalysis as suitable methods are perfected and 
additional years are included, 
Juveniles in the James River 
The distribution of the juvenile alosids in the James River in 
1971 paralleled the 1970 and 1969 distribution, Table 3-1. In areas 
of high salinity from the mouth to river mile 25, no juveniles were 
caught. As in previous years the nursery area for all species was 
predominately between river mile (station) 40 and 75, With three 
Years of record, it has become convincing~y clear that it is the 
upper reaches of the James which contribute to and provide space for 
the juvenile alosids from early spring (hatching) until late fall. 
The midstream catches at the surface and midwater were as patchy in 
1971 as in other years, which leads us to suspect a schooling 
behavior of some kind for each species, 
To detect significant differences in numbers captured of each 






way factorial analysis was performed on the data from stations 40 
through 70. The extreme varibility shown in Table 3-1 was clearly 
evident in the results. Because of significant interaction in the 
second order components which included river station, a three-way 
3-3 
AV was run combining all stations. The complete results are shown in 
Table 3-2. The three-way analysis, without a level for river location, 
produced no significant interaction beyond the primary level. Reductive 
techniques were unnecessaty beyond this level and the following 
conclusions can be drawn. 
A, For the three years of record, there was a significant 
difference (p ~ 0.01) in the number of each species 
captured at stations 40 through 70 combined. Table 3-1· 
shows that blueback herring cons is ten tly were taken in 
greater amounts than alewife or American shad. The 
species and years interaction did not reach p ~ .Os. The 
pronounced differences in blueback captured in 1969, 1970,' 
and 1971 (with identical effort and locations) indicates 
that 1971 may have been the best year, but when the oxbow 
data are added in, these vast differences are reduced. 
B, The year to year differences in the total number of alosids 
caught at stations 40-70 was not statistically significant at 
the p ~ .05 level. It should be emphasized that the total 
alosids in the James may have differed significantly in the 
three years, but our data may vary too much to detect this 
statistically, Furthermore, since species and years did not 
have significant interaction, .this indicated our data could 
not demons L:ra te year' to year diff er'ences in the numbers of 




C, Our data did not demonstrate a significant difference 
between the number of alosids caught at the surface and mid-
water for the years of record. Since the species and depth 
also was not statistically different at p ~ 0.05, this 
indicates that each species was equally likely to be caught 
at the surface and in midwater. Again, our data may not 
be precise enough to demonstrate the real statistic because 
overall the_surface tows caught many more blueback and 
alewife than midwater tows. 
The extremely high F ratios for species alone, with the 4-way 
and 3-way AV, indicate that our sampling program is at least able 
·to detect relative species abundance within the James nursery. The 
high variability between stations, depths, and years indicates that 
a larger volt.une of data will be needed to accurately predict specific 
population parameters or estimate (with 95% confidence) the strength 
of particular year classes, 
Juvenile Alosids in the four major rivers of Virginia in 1970. 
From August 19 to September 17, 1970 the James, York, Rappahannock, 
and Potomac rivers were sampled.-:at one mile intervals throughout the 
prime nursery areas, This was the first year of a program designed 
to be annually repetitive and to discover any differences in river 
productivity and/or concurrent variations by species. The R/V 
Langley was used to make 9ne surface tow (5 minute) per river mile 
with the 10 ft Cobb trawl, All tows were made in midchannel. For 
convenience, the data were blocked into sections A, B, and c, each 
) having 10 river miles, Thirty miles of river were sampled and are 




compared below, starting with the edge of the previously determined 
nursery area of each, Approximately one half the stations were 
3-5 
towed against the tide and the remainder with the tide. These stations 
were alternated, giving five with and five against·within each section, 
but limited vessel time caused each five to be taken a day apart. 
After comparison of the 1971 data (not included in this progress 
report) we will be in a better position to decide whether our sampling 
scheme is completely adequate for the answers we seek. Without 
attempting to anticipate this information, we have simply run the 
data with our four-way analysis of variance to discover any preliminary 
relationships, The entire 1970 data is presented in Tables 3-3 through 
3-6, but only the sections A, B, and C were statistically analyzed 
( represented by the first three sets of ten stations in each tab le). 
'l'he four-way analysis failed to identify any single main factor 
without substantial interaction, Miles wtthin sections appeared to 
have the greatest variability. The river stations were then considered 
replicates per section and the three-way analysis yielded high inter-
action within every category (Table 3-7 Run B). Because we are 
dealing with non-additive parameters we cannot rank each factorial 
level from low to high and thereby examine internal effects and 
interactions or trends produced thereby. Therefore the most reasonable 
first approach is to subdivide the problem into comparable levels.· 
Run TICTI, Table 3. 7, indicated the extreme variability between rivers 
and sections was contributing significantly to the apparent species 
differences of run A and B, but once again the first order interaction 
effects preclude appropriate clarification. A two way analysis with 
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miles as replicates and species treated sep~rately (Run D)., _also 
failed to demonstrate any clear patterns because of severe interaction 
between rivers and sections. Each river analyzed separately (Run E) 
with a one-way as a test for species differences, and each species 
run separately (Run F) as a test for river differences, finally 
clarified the data set. 
There was a significant difference in the number vf blueback, 
alewife and shad captured in the James and the Parnunkey rivers, 
(Run E, Tab le 3-7). The highly variable catches of the Ma ttaponi, 
·Rappahannock, and Potomac produced F-ratios below . the 5% probability 
level necessary to accept differences in species numbers in each of 
these rivers. 
For each species, there was a significant difference at p < .Ol 
in Ute average number captured belweeri the five rivers (Run F) at 
the 30 stations. All of the F-ratios were considerably higher than 
the minimum necessary to reject the null hypothesis of no differenc~ 
at the 1% level of probability. 
Collectively, the statistical analyses shown by Runs E and r 
provide some measure of confidence in our sampling program. At the 
population levels discovered in 1970, we can say with 95% confidence 
that the relative numbers of each Alosa species captured in the James 
and Pamunkey are adequately reflected by their mean CPE for that 
river. Furthermore, the five rivers produced different numbers of 
each species in 1970. Analysis of each mean CPE by spec~es for the 
five rivers is given later. 






The abstract nature of multilevel factorial analysis often 
shields useful information of a more basic nature. The difference 
3-7 
in numbers of juvenile alosids captured within each river was remarkable. 
Of blueback, equivalent effort (30 tows) in the James, Pamunkey, 
Mattaponi, Rappahannock and Potomac yielded 120,044 , 8,910, 11,515, 
4,730, and 11,026 specimens, For alewife the catches were 11,951, 
808, 488, 29, and 125 (Tables 3-3 - 3-6). The oxbows of the James 
River are also highly productive. In 1970, six tows in the Turkey 
Island Oxbow and four tows in the Jones Neck Oxbow yielded 49,651 and 1 ( • 
41,523 blueback respectively. 
alewife and 162 .American shad . 
The two oxbows also yielded 1,350 
In every river, the three species were very dissimilar in their 
percentage contribution to the catches. This was also true for the 
James in 1969, 70, and ll at the 5 mile stations. Blueback herring 
were by far the best repres.ented species in the 1970 samples. 
Averaged over all five rivers, it made up .94% of all alosids captured 
and in no case was less than 90%, Alewife was second with 4%, followed 
by American shad by 2% (Table 3-8). A limited survey using different 
gear and a different vessel in.: the early 1950' s found 82% blueback, 
17% alewife, and 1% shad in the open water of the Rappahannock in 
late September but shore samples gave very different results 
(Massmann, w. H·, £. C, Ladd and H. N. Mccutcheon. 1952. A 
biological survey of the.Rap~ahannock River. Va. Fish Lab. SSR 
No. 6. 112 p.). In 1970 at least, it appears as if the James 
· was the most highly productive of the five with an alosid catch of 
:;J 4,473 per tow followed by the Pamunkey (401), Mattaponi (495), the 
Potomac (370) and the Rappahannock (160). Except for the James 









the CPE values are by themselves too variable for any meaningful 
estimates of density. A measure of this variation is given in Table 
3-9, where the percentage variation from the mean is from 95 to 468% 
(average 221). These values should not vary over.25-50"/o of the mean. 
The standard deviation with our one mile data (30 stations only) 
averages twice to three times the mean CPE, an excessi ve amount of 
variation. This coming yea: will be devoted in part to reducing 
sampling variation, so the coefficient of variation at least is 
reduced to 50-100% of the mean. The James seems to 11 stand alone", 
and the difference among the others is slight. With an annual index 
being developed, differences in rivers can be described with greater 
accuracy each year. Preliminary to an index is the establishment 
of a realistic base for future comparison. Our data cannot be used 
in this way until several more yea.rs arc available. 
Continued monitoring, as provided for in years two and three 
of this project, should begin to provide the base necessary to 
detect possible changes in species ratios which may follow at a 
later time. If true density could be measure~meaningful estimates 
of future recruitment and stock relationships could be computed. 
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I Table 3 -1, Catch of juvenile alosids in the James River during ~ 
l 
/ 
i August 1969, 1970, 1971 at the five mile stations. 
One surface and one rnidwater tow made with 10 ft Cobb 
trawl towed by R/V Langley. 
Station and Blueback Alewife American Shad 
Type of Trawl 1969 1970 1971 1969 1970 1971 1969 1970 1971 
0 s 0 0 0 0 0 0 0 0 0 
M 0 0 0 0 0 0 
5 s 0 0 0 0 0 0 0 0 0 
M 0 0 0 0 0 0 
10 s 0 0 0 0 0 0 0 0 0 
M 0 0 0 0 0 0 
15 s 0 0 0 0 0 0 0 0 0 
M 0 0 0 0 0 0 
20 s 0 0 0 0 0 0 0 0 0 
M 0 0 0 0 0 0 
25 s 0 b 0 5 0 0 1 0 0 
M 0 o· 0 91 0 0 0 0 5 
30 s 11 2995 1 2 3 0 0 0 1 
M 36 25 4 15 26 0 63 1 3 
35 s 18 1605 2 6 0 0 2 0 0 
M 7 598 3 3 127 0 7 74 0 
40 s 32 1192 61 2 1 0 1 1 2 
M 3 81 928 0 16 2 1 1 3 
45 s 432 2031 18581 17 3 78 8 0 21 
M 33 574 17288 5 103 0 4 61 1 
50 s 1029 10162 18671 16 15 8 5 0 0 
M 374 704 3985 52 334 888 20 219 63 
55 s 1866 2550 452 so 310 2 285 5 l 
M 222 402 1357 8 79 256 23 115 23 
60 s 229 1488 461 353 1239 302 173 350 63 
M 1456 648 139 97 124 484 96 216 179 
65 s 2116 1465 525 288 446 0 220 181 1 , 
M 1531 2518 1866 6 329 13 45 87 "7 .:, 
70 s 51 17200 2497 3 931 0 6 7 3 
M 44 1884 231 3 62 9 0 8 8 
~ j 
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Type of Trawl 1969 · 1970 1971 1969 1970 1971 1969 1970 
~ 
1971 , :( . 
75 302 16 363 46 
1 2 
i : 
s 5 1 5 
I 
it . 
M 5 292 




80 s 104 92 2 259 3 0 8 4 0 ~ ( 
M 89 8 
5 0 3 0 ! , ; 
84 s 0 12 2 1 0 3 
M 
L 9896 4645'2 67727 
1329 4158 2052 973 1337 382 
Turkey ( l) 
Island 
Oxbow 3855 22448 647 






Oxbow 25 3025 864 
4 67 2 1 13 1 
~:1 
Cl) one surface tow at same station in each year. 
llii & Ii£. gg . & rm ZAI 
~ \ 
i/ Table 3-2. Analysis of variance for three years of alosid catches 
in the James River, Data of Table 3.1, stations 40 
















A. Four-Way AV 
Source of Variation 
Sp X Yr X Depth 
Degrees of Freedom F, Ratio Level of Significance 1 
Sp X Yr X Station 
Sp X Dep X Station 
Yr x Dep x Station 
Sp X Yr 
Sp x Depth 
Sp x Station 
Yr X Depth 
-. Yr x Station 





B. Three-Way AV 
Sp x Yr x Depth 
Sp x Yr 
Sp x Depth 




























4.98 1% i 
































juvenile alosids in the James 
I 
.~ I - Table 3 -3. Catch of River at .one I V 
mile intervals, August 16 and 17' 1970, with the 
t 
I i 




River Salinity Water Water Blueback Alewife American 
I 
I 
Mile Temp, Depth Herring 
I 
Shad ' f ! 
I 
29.2 32 1605 0 35 3.8 
0 t r . , 
36 18 
43 4 1 
i'; 
37 17 
94 2 0 
38 
20 .419 0 3 
39 29 




40 2.0 29,9 17 
73 2 0 
·~ 
41 
20 791 0 1 ~ . 
,\ 
42 
29 813 0 9 J 
:I • 




26 1974 5 0 
~ 7880 60 16 
45 1.0 30.6 
28 2031 3 0 
46 
30 1470 5 4 
47 
41 7062 2 3. 
48 
32 5834 13 5 
49 
32 10212 51 0 
so 0.9 30,5 28 8848 339 9 
51 
29 2651 280 1 
52 
21 11500 375 0 
53 
75 10946 2129 127 
.:, 54 
26 12449 976 17 
··· \ 
" ' ( ., 
~ 73003 4173 166 
nn; . iii ill rm II L 
3-13 




River Salinity Water Water Blueback Alewife American 
Mile Temp. Depth Herring Shad 
55 0.8 30.2 29 2550 310 10 
56 22 2715 105 16 
57 26 4951 823 103 
58 19 5165 425 20 
59 31 1488 1239 350 
60 0.8 30.3 18 8026 918 192 
61 17 6273 . 1091 177 
62 26 1500 1545 120 
63 25 1403 429 495 
64 30 5090 833 543 
z. 39161 7718 2026 
Grand Sum 120,044 11,951 2l208 
Average CPE 4,001 398 74 
65 0.8 29.8 31 1465 446 181 
66 30 1003 186 61 
67 ..,. 25 8328 906 461 
68 29 3314 403 22 
69 29 17200 981 16 
70 0.8 31.2 28 4953 158 30 
71 29 3492 6 36 
72 29 2692 13 0 
73 28 168 0 2 
\, 
I ,. 74 29 21842 0 0 I / 
2:- 64,457 3,099 809 
3-14 
Table 3-3 . ( Continued) 
.. , 
' · , ·.,; River Salinity Water Water Blueback Alewife American 
Mile Temp. Depth Herring Shad 
70 o. 7 . 30.6 14 10444 178 65 
Turkey 
Island 17 1953 4 1 
Oxbow 
25 629 49 0 
21 5530 112 14 
28 8694 414 15 
19 22401 399 38 
73 0.8 32.5 15 .3003 67 13 
Jones 
Neck 14 4674 78 6 
Oxbow 
17 25642 8 1 
23 8204 41 9 
Total for Both Oxbows 91,174 1,350 162 
40 26 122 0 7 
Chickahominy . 
River 23 78 0 23 
34 · 41 0 52 
4 16 65 32 11 
5 3,7 28.9 14 720 25 6 
6 17 124 8 12 
7 24 1387 0 13 
8 16 203 57 16 
9 24 770 0 26 
10 1.0 29.6 19 489 2 13 






.- ...- • ••·•·" ··- · .. - ----,-•,••••-<•s.,.,..._. 
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Table 3-4. Catch of juvenile alos:ids in the Pamunkey and Ma ttaponi 
'!:-
;,; branches of the York R:ive r at one mile intervals, 
August 31 and September 1, 1970, with the R/V Langley. 
Pamunkey River 
( 1) 
Blueback River Salinity Water Weter Alewife American 
Mile Temp. Depth Herring Shad 
27 14.66 29.04 21 0 5 0 
28 41 1 1 2 
29 19 0 0 2 
30 20 0 0 1 
31 18 0 0 0 
32 :.s 1 11 2 
33 24 3 0 0 
34 22 1 165 2 
35 20 1 1 0 
36 7.04 29.0 41 2 183 1 
z:. 9 367 10 
37 32 6 31 3 
38 17 11 25 5 
39 16 2 16 0 
40 23 15 15 6 
41 5.24 29.5 23 4 0 2 
42 19 25 116 12 
43 23 1 0 0 
44 29 43 0 0 
45 22 9 0 2 
.,._ 
! 46 36 1431 0 2 
~ 1,547 203 32 
Table 3-4. (Continued). 
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( 1) River mile refers to the York River as the base) Mile 27 of the 
Parnunkey is really 27 miles from Chesapeake Bay but is the first 
mi le of this branch) which is just west of the town of West Point. 
( 2) To make equivalent comparisons) it was necessary to take three 
extra stations in this section. 
(3) · Water depths prohibited further sampling up the Mattaponi with 
the Langley . For analysis, another five stations with identical 
catch as 49-53 were ass umed present. 
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Table 3-5. Catch of juvenile alosids in the Rappahannock River at 
one mile intervals, September. 7-11, 1970, by the ·R/V 
Langley. 
River Salinity Water Water Blueback Alewife American Mile Temp. Depth Herring Shad 
40 6.9 26.1 16 0 0 1 
41 16 0 0 0 
42 17 0 0 0 
43 23 0 0 0 
44 3.4 26.4 27 0 0 0 
45 21 0 0 0 
46 35 0 0 0 
47 47 0 0 0 
48 23 0 0 0 
49 16 0 0 0 
:E. 0 0 . 1 
50 1.9 26. 2 30 1 0 0 
51 18 1 0 0 
52 43 0 0 0 
53 13 1 0 ·O 
54 · 1.4 27.6 33 1 0 3 
55 20 0 1 1 
56 23 4 0 0 
57 17 5 0 0 
58 20 2 0 0 
59 26 0 0 0 
·~ 15 1 4 












































































































































Table 3-5. (Con t inued) 
\\ 
River Salinity Water Water Blueback Alewife American 
Mile Temp. Depth Herring Shad 
80 0.7 . 29. 9 22 
1 0 0 
81 23 
1 0 0 
82 14 
0 0 0 
83 16 
12 0 0 
84 0.7 28.4 16 
0 0 0 
85 




14 5 0 
87 
13 142 28 0 
88 
13 34 0 0 
89 
14 23 3 0 
z: 220 37 ; 0 ~ 
' " 
' .,1 
I -- . sXSCL& A l lb uL ,,, 
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~l ·, -Table 3-6. Catch of juvenile alosids in 
the Potomac River at. ·one 
mile intervals, Sg_etember 16 and 17, 1970, by the R/V 
Langley. 
River Salinity water Water 
Blueback Alewife American 
Mile Temp. Depth 
Shad 
65 2.5 27.8 
27 0 0 0 
66 
25 l 4 0 
67 
22 1 0 0 
68 
29 1 1 0 
69 1.2 28.7 
27 0 0 0 
29 5 0 0 
70 
25 1 2 0 
71 
25 6 0 0 
72 
20 2 0 0 
73 
74 0.8 33.3 
42 6 1 1 
2 23 8 1 
38 22 0 0 
75 
39 34 1 1 
76 
30 24 0 0 
77 
38 21 0 0 
78 
79 0.8 29.5 
32 21 0 1 
36 243 0 0 
80 
37 606 0 0 
81 
27 264 26 1 
82 . 
24 136 0 0 
83 
"' 0.9 60 
339 · 




~ 1710 29 2 
44 283 45 2 
85 
e.u.1a&J£ iiJW H!I 7 l . U,il 1i L iE. 11 
3-22 
Table 3-6. (continued). 
River Salinity Water 




35 1045 1 1 
87 
32 206 .2 0 
88 
30 1148 17 3 
89 0.9 28,8 
·27 677 0 0 
33 5350 19 4 
90 
24 27 2 0 
91 
25 31 2 0 
92 
29 426 0 0 
93 
94 0.9 
27,6 24 100 3 l 
z 9,293 91 11 
11,026 125 15 
Grand Sum 





Table 3-7. Analysis of alosid catches at one mile stations in four 
Virginia rivers in 1970. 
A. 4 Way Analysis of Variance 
Source of Variation Degrees of F Ratio Level of 
Freedom 
~p x River x Section 16/144 9.93 1% 
Sp X River X Mile 72/144 0.85 NS 
Sp x Section x Mile 36/144 1. 78 5% 
River x Section x Mile 72/144 1. 05 NS 
Sp x River 8-340 24.59 1% 
Sp x Section 4-340 10.45 1% 
Sp x Mile 8-340 2. 07 NS 
River x Section 18-340 3.48 1% 
River x Mile 36-340 0.76 NS 
,.Mi le x Section 18-340 1.34 NS 
Species 2-432 31. 79 1% 
Rivers 4-432 21.34 1% 
Sec tior:s 2-432 8. 07 1% 
Miles 9-432 0.76 NS 
B . . 3 Way Analysis of Variance Rive:- miles as replicates, a 11 
species run together 
Degrees of F Ratio 
Freedom 
s x River x Section 16-405 8.69 s x River 8-42],..: 24.67 
s x Section 4-421 10. 58 
River x Section 8-421 7.85 
Species 2-421 52.38 
Rivers 4-421 35 .17 
Sections 2-421 13.30 
Significance 
(barely) 
Tab le 3-7. (Continued). 
c. 3 Way Analysis of Variance Each sEecies taken separat~ly, 1st 
and 2n order effects with miles 






Source of Variation 
Rivers x Section 
Rivers 
Section 
Rivers x Section 
Rivers 
Section 
Rivers x Section 
Rivers 
Section 


















Rivers X Section 
Rivers 
Section 
River x Section 
Rivers 
Section 
Rivers x Section 
Rivers 
Section 
Degree of F Ratio 
Freedom 





2-135 21. 75 
8-135 8.48 
4-135 11. 56 
2-135 9.68 



















·Table 3-7. (Continued). 
















Table 3-8. Relative percentages of juvenile alosids in the surface 
tows of the R/V Langley at one mile stations in the 
11nursery areas 11 • 
River Year Blueback Alewife American 
Herring (%) Shad 
. (%) (%) 
0'ames 1969(l) 76 17 7 
James 1969( 2) 82 11 7 
James 1970 93 6 1 
York 
Pamunkey 1970 90 8 2 
Mattaponi 1970 92 4 2 
Rappahannock 1970 98 1 1 
Potomac 1970 99 1 Trace 
Average, 1970 data 94 4 2 
Cl) Five mile stations sampled monthly and averaged from February 
to September. surface, rnidwater and bottom tows included. 
Source: 1968-69 Annual Report, Alosa Project. Of this period, 
fish captured from February - June were yearlings. 
(2) August data only at five-mile stations and only surface tows 
considered. same source as note 1. All fish were young of the 





Table 3-9. Average catch per unit of effort values for alosids 
captured in midstream of the TT prime TT nursery areas 
of principal Virginia rivers, 1970. 
River Blueback Herring Alewife American Shad 
CPE sC 1) v~2) CPE s V ----
James 4,001 3,796 95 398 552 139 
York 
Pamunkey 297 607 204 27 49 181 
Mattaponi 461 1,370 297 20 31 155 
Rappahannock 158 739 468 1 3 300 
·-.Potomac 367 989 269 . 4 10 250 
Average 1,057 266 90 205 
( 1) 
( 2) 
Standard deviation, rounded to nearest integer 
Coefficient of variation, in percent 
CPE s V 
74 145 196 
5 11 220 








Corrununity Structure and Trophic 
Dynamics of Alosid Nurseries 
Three sampling stations were assig~~d in each river (Fig. 4-1). 
The area of greatest abundance of juvenile alosids (a cording to the 
1970 index) has been called the center of the nursery. The remaining 
two stations were placed in the upper and lower thirds of the nurs ery) 
8 to 15 miles on either s·ide of the central location. 
Sampling Frequency, Methods and Gear · 
a. Productivity and Nutrient Analysis 
Estimates of primary production and nutrient concentrations 
were obtained monthly between May and October at the three stations 
in each river approximately two weeks prior to the fish and plankton 
collections. All sampling was conducted between 0900 and 1600 hours 
in each river. 
Dissolved oxygen concentration) salinity) and temperature were 
Treasured at s m depth increments at each station. A profile of 
light transmission versus depth was constructed for each station 
Using a submarine photometer. Water samples collected from the 
surface and bottom were returned to the laboratory for analysis.of 
total phosphorus) nitrates, and chlorophyll concentration. 
Primary productivity was est~ated from the monthly· surface 
Water samples from each station in the five nurseries by measuring 
[\ 14 . the C uptake by orga~isms during a controlled period of incubation 
(Raymont 1958). Though some difficulty was encountered because of 
4-1 
adsorption on suspended sediments, it is felt that this method 
yields comparative river to river data. Our estimates are within 
the range of variation exhibited in other works (Jensen, 1970; 
Carpenter, Pritchard and Whaley, 1969). True values of primary 
production are very difficult to ~etermine in estuaries because of 
the large plankton biomass and fluctuat;ing flow and turbidity. 
· The primary nutrients controlling phytoplankt:on product;i.vity 
•' 
in natural waters are nitrogen and phosphorus. These elements, 
along with trace substances, are discharged in large volumes into 
the rivers with agricultural runoff, sewage treatment effluents, 
4-2 
and effluents from certain industrial activities. Surface and 
bottom wat~rs at each station were analyzed monthly for total 
phosphates and total nitrates. Phosphorus was measured colorimetri-
cally by the formation and reduction of phosphomolybdic acid 
(Murphy and Riley, 1962). Total nitrate was measured colorimetrically 
by cadmium-copper reduction to nitrite (Wood, Armstrong, and Richards, 
1968). Mean monthly ratios of nitrate to phosphate were derived .for 
comparative purposes in this study. 
Dissolved oxygen concentration in estuaries is controlled by 
the solubility coefficient as influenced by temperature and 
salinity, by man-made or organic loadings capable of producing an 
oxygen demand exceeding reaeration rates .and by photosynthesis. 
Oxygen concentrations were measured by the modified_ Winkler titration 
method. Oxygen solubility as related to temperature and salinity 
indicated that percent saturation in the freshwater reaches of the 
estuaries ranged between 60 and 100 percent throughout the study 
period. Typically, lowest saturation levels (60-80'/o) were evident 
4f&Hi¥51 
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in all nurseries in .September and highest levels (80-100"/o ) were 
I {; recorded in July, In 1968 and 1969 the freshwater reaches of the 
1,: "l James, York, and Rappahannock rivers were usually less tha~ 90"/o 
saturated (Brehmer, 1970). 
Flow data was available from USGS gauging stations above each 
nursery for April through September in the James and Potomac rivers, 
April through July in the Mattaponi river, and April through June 
in the Pamunkey and Rappahannock rivers. Re,la. tive tur ;)idi ty was 
estimated each month in the five nurseries by measuring the depth 
of 10"/o light penetration with a submarine photometer. Turbidity i s 
. expected to increase with.increased river flow because of siltation 
from land run-off and increased sediment mixing. 
Estimates of the standing crop of phytoplankton in the nurseries 
were made by measuring concentrations of chlorophyll "a" from monthly 
surface and bottom water samples. The method of analysis was modified 
from Strickland and Parsons (1968) using a fluorometer. Monthly 
collections of plankton samples as previously described will yielq, 
quantitative and qualitative estimates 'of the organisms involved. 
Brehmer and Haltiwanger (1966) and Brehmer (1970) described 
recent investigations in the .James, York, and Rappahannock rivers, 
and Jaworski } Lear, and Villa (1971), and Jaworski (1969) give 
valuable recent and historic Potomac River data; Thorough and 
comprehensive water quality information for the 1969 water-year 
can be obtained from the u. S, Geological Survey's, Water Resources 
Data for Virgini~-1969 ( Parts 1 and 2), Historic hydrologic analyses 
are available from the Virginia Division of Water Resources as 
Planning Bulletin 209 (1969) for the Potomac-Shenadoah River basins; 
Planning Bulletin~ (1970), ~ (1970), and 215 (1970) for the 
' I ,~ 
.:9. ~ ---.:::::::c-~·---·-- =======~----
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.Rappahannock, York, and James River basins, respectively. 
b. Collection of Fish and Plankton 
Nursery areas were sampled monthly between May and October. 
Fish populations were sampled at the,. three designated stations in 
each nursery using a 5-ft. Cobb trawl for surface and midwater depths 
,, 
and a 30 ft. semi-balloon trawl on the bottom. Length frequencies 
were taken from up to 50 of each species for each trawl and all 
fish in excess were -counted. Stomachs were removed from 10 of 
each species per river during the monthly collections. 
Plankton was sampled by pumping a known quantity of water 
through sleeve nets of decreasing mesh size. At each station 100 
gallons of near-surface water was pumped into a net of 202 )1 mesh. 
Smaller organisms which passed through were either collected by the 
35 )1 mesh outer sleeve o.r sampled with the water passing through 
both nets. Fish eggs, larvae, and larger plankton were sampled by 
towing a meter net (378 )1 mesh) for 5 minutes at each station. 
!. Physical and chemical Evaluation of Alosid Nurseries 
James River 
Mean monthly river flow in the James River increased between 
April and June from 8400 cfs to 13,500 cfs. Flow rate declined 
sharply in July (2500 cfs) and remained low through September. 
Turbidity, measured as the depth (m) of 10'/o light penetration, 
increased and decreased corresponding to river flow (Fig. 4-2). 
Mean temperature of both surface and bottom waters in the 
James River increased progressively from April to July reaching 
















a peak of 28.5° C and declined in August and September. As previously 
mentioned, the capacity of water to h~ld oxygen is inversely related 
to the temperature of the water (Fig. 4-3). Dissolved oxygen concen-
tration decreased with increasing temperature to a minimum of about 
5 ppm in June and July. Between June ,and September, D. o. varied from 
5 to 7 ppm. 
Estimates of primary productivity were low (1 to 9 mg C/m3 /hr) 
in May and reached peak values at all stations in June (Fig. 4-4). 
The middle nursery station in the James (Hopewell vicinity) displayed 
highest productivity valu~s in June and July (36 and 28 mg c/m3/hr, 
respectively). Productivity decreased at all stations in August. 
The mean ratios of nitrate to phosphate from both surface and 
bottom waters are correlated with productivity except for August. 
The ratios increased to maximums in June of 4.2 and 3.5 for surface 
and bottom waters, respectively. July values decreased with 
declining productivity and increased again in August. Concentration 
of total nitrates was most variable at the lower James River station J 
ranging from 181 to 1065 µg /liter a·nd 297 to 1156 pg/liter for surf ace 
and bottom waters, respectively, Highest values were recorded in 
July. Greatest variation in ·N:P ratio (1.5 to 6.0) was also exhibited 
at the lower station. Middle and upper stations in the James River 
were very similar in total nitrate and phosphate concentrations, 
ranging from approximately 200 to 500 µg/liter (nitrate) and 100 to 
250 pg/liter (phosphate). It appears that uptake and utilization of 
phosphate is greater than nitrate and that phosphorus may become a 
limiting factor in this river, 
Chlorophyll 11a 11 concentration wa~ measured each month from 
surface and bottom waters in the nursery in an effort to correlate 
.-
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prj1nary production with phytoplankton abundance. Mean concentrations 
of chlorophyll 11 a 11 in the James River nursery were variable (4-14 
).lg/liter) from April through July and increased to a maximum in 
August of 24 and 22 ,ug/liter for surface and bottom, respec tively . 
This does not agree with produc tivity, curves in the James and further 
analysis is required . to better understand the · relationship between the 
two parameters. 
Salinity was very low in the James. River nurseries and showed 
little variation from April to August (0.08 to 0.14 ppt). A three-
fold increase in salinity was noted in September corresponding to 
prevailing low discharge rates exhibited for the period, July through 
September. 
Estimates of primary production and physical and chemical 
measurements from the James River arc St1'TL'Tlarized in Table 4-1 by 
station and by month, 
Pam unkey River 
In the Pamunkey River, mean monthly flow rate increased from 
a low of 1240 cfs in April to a high of 2370 cfs in June. The 
depth of 10% light penetration increased from April to May ( lesser 
turbidity), but decreased from May to June (Fig, 4-2), Turbidity 
was lower in July and August than in June, The reverse relations.hip 
between turbidity and flow exhibited for April in trie Pamunkey River 
does not accurately reflect the physical conditions being compared. 
Turbidity was measured only once monthly whereas river flow is a 
mean rate for the entire 30 days. High discharge rates (>5000 cfs) 
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As in the James River, mean t0nperature of surface and bottom 
waters in the Pamunkey increased from April to July and fell slightly 
in August. Dissolved oxygen concentration displayed the inverse 
relation to temperature (Fig. 4-3 ), being at a maximum in April 
(10.5 ppm) and minimum in June (6.0 and 'S.2 ppm for surface and 
bottom water, respectively). D. 0, in July and., August remained low 
and variable ( 6 to 7 ppm)· 
Productivity estimates from the Pamunkey River (Fig. 4-5) were 
at a minimum in April at all three nursery stations ( 2 to 4 mg c/m3 /hr). 
Equipment f a ilure precluded measurement of productivity in Ma y . June 
values were nearly is].entical at the three stations being about 12. 7 
mg c/m3 /hr. Highest estimates were recorded for middle and upper 
stations in July and August (33.5 and 34.4 mg C/m
3
/hr, respectively). · 
The lower nursery station in the Pamunkey exhibited a decrease in 
productivity for July. 
Mean nitrate-phosphate ratios for the Parnunkey River increased 
from April to June where they peaked at approximately 1.9 for both 
surface and bottom water, July and August values decreased to a 
minimum of o.s for both strata (Fig, 4-5), Nitrate concentration 
in . the Pamunkey River was low and variable at all stations. Values 
ranged from 10 to 200 pg/liter (N03) wit0 lowest concentrations 
measured in August and highest concentrations in June (upper), April 
(middle), and July (lower), Generally, highest phosphate concentrations 
were measured in April and lowest values were recorded in August. 
In this river with extensive marshes, it appears that nitrate-nitrogen 
could become limiting in late summer. 
Mean chlorophyll n a II concentrations for surf ace and bottom 
waters in the Pamunkey River were similar and showed little variabi.li ty 
I 




(5 to 12 pg/liter) from April through August. Highest values were 
recorded in July (Fig. 4-5 ). 
Bottom salinity was very stable fr9m April through July in the 
Pamunkey River. Mean surface salinity for the three stations ranged 
from 0.08 to 0.22 ppt during this period. August values at the lower 
station were 1.35 and 1.71 ppt for surf~te and bottom, respectively. 
This indicated decreased river discharge in Au~~st though flow data 
w.:....s not available for the month. 
Estimates of primary production and physical and chemical 
measurements from the Pamunkey River a·re summarized in Table 4-2 by 
station and by month. 
Ma ttaponi River 
Mean monthly discharge rates for the Mattaponi River showed an 
increasing flow from April (450 cfs) to a peak in June (980 cfs) 
and then dropped off sharply in July (230 cfs). August and September 
data are not yet available from USGS, 
The curve for 10'/o light 
penetration agreed with the flow curve, turbidity increasing with 
discharge (Fig. 4-2). Maximum turbidity was measured in August. 
Mean surface and bottom temperatures in the Mattaponi River 
were lowest in April ( 8 ° C) and .-:reached a peak in July ( 26 °C). As 
expected, dissolved oxygen concentration fell from 10.5 ppm in 
April to 5 ppm in June through September (Fig. 4-3). 
Estimates of primary productivity were minimal at all three 
stations in April (1 to 2 _mg c/m
3
/hr) and were highest in June 
(middle and lower stations) and August (upper station). Peak 
. 3 
values recorded were 22.6, 13.8 and 20.8 mg C/m /hr for middle, 
4-8 
1,\ i; : lower, and upper nursery stations, respectively (Fig. 4-6). Productivity 
declined in July at all stations and rose again in August. 
l 
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and bottom waters and from month to month between April and August. 
A peak value of 1.1 was recorded from surface waters in June. All 
other measurements fell between 0.65 and 0.9. In the Mattaponi 
River nitrate concentration peaked in August at the upper station but 
was lowest at the other stations the same month. April values 
viere greatest at the middle and lower stations. In the five sampling 
months the range of N0
3 
was 7 to 335 pg /1 (middle) and 16 to 392 pg /l 
(lower) for surface and ~ottom waters, respectively. Phosphate 
concentrations had a similar range at the three stations with highest 
.values recorded in April. Again, marsh dra{nage is significant in 
the Mattaponi system. 
Mean estimates of chlorophyll nan concentration were almost 
identical (approx. 4 pg/liter) between April and July for both 
surf ace and bottom waters in the M.a ttaponi River (Fig. 4-6 ) . An 
increase to 13 and 10 pg/liter for surface and bottom water, respectively, 
was recorded in August. 
Mean monthly salinity for the three stations was low and constant 
from April to July being about 0.09 ppt. Salinity at the lower station 
peaked in August for both sudace (1.13 ppt) and bottom (Ll8 ppt) 
waters but dropped to 0.31 and 0.13 ppt respectively in September. 
From prior reasoning, we assume that the increased salinity in the 
Mattaponi nursery in August is correlated with a reduced discharge 
rate. However, the turbidity curve indicated that river discharge 
should have increased in August. August daily flow records should 
clarify this discrepancy. 





j " Estimates of primary production and physical and chemical 
{\ 
·.,'! measurements from the Mattaponi River are summarized in Table 4-3 
by station and by month, 
Rappahannock River 
In the Rappahannock River) lowest mean flow occurred in April 
(1000 cfs) and highest was in June (7500 cfs). Relative turbidity 
Ln this river increased from April to June ( Fig'. 4-2 ) and decreased 
in July) indicating reduced mean discharge. 
Mean surf ace and bottom tempera tu res in the Rappahannock River 
increased from a low of 13 ° C in April to a peak of 28 ° c in July 
(Fig. 4-3 ). Mean dissolved oxygen concentration was highest in 
,,. April (9 ppm) and declined slightly from May through August. Surface 
waters in this nursery were at 100% oxygen saturation in July. 
Estimates of primary productivity declined from April to May 
at all nursery stations (Fig, 4-7 ). April values were maximal for 
Upper and middle stations (about 18-20 mg C/m 3/hr), The lower 
nursery station exhibited a peak productivity value of 109 mg c/m3/hr 
in June while the other two stations were only slightly above the 
May estimates. Productivity values at the lower and middle stations 
dropped in July) though an increase was noted for the upper station. 
The variation of June estimates may reflect erroneous counts arising 
from increased adsorption of labelled carbon on particulate matter 
since this was a period of high turbidity. 
Mean nitrate-phosphate ratios increased to peak values in May 
of about 5.2 and dropped down to about 2.0 in July for both surface 
and bottom waters (Fig, 4-7 ). Nitrate concentrations in the Rappa-
hannock River were high (200-600 µg/1) at all stations each month 







(60-170 pg/liter) during the study period and exceeded No3 concentration 
only once. 
Estimates of . chlorophyll 11 all in this river were lowest in June, 
thus supporting the hypothesis of adsorption posed for c14 productivity. 
Maximum values in July were 11.5 and 8.0 »g/liter for surface and bottom 
waters. Salinity was low during the study peri~¢ and increased from 
April (0.06 ppt) to August (0.10 ppt). 
Estimates of primary production and physical and chemical measure-
ments from the Rappahannock River are summarized in Table 4-4 by 
station and by month. 
Potomac River 
Mean monthly discharge rates in the Potomac River were similar 
to other rivers examined. Flow increased from April to a peak in 
May of 16,200 cfs and dec~eased to minimum in July of 3000 cfs. 
Flow rate increased again in August and September. The depth of 
10'/o light penetration, measuring relative turbidity, did not correspond 
to flow data as expected, i.e., as flow increases, turbidity decreases 
and as flow decreases, turbidity increases (Fig. 4-2). Although 
mean monthly flow rates were typical for those days immediately 
preceeding the turbidity measurement, high estimates of chlorophyll 
"all concentration and primary productivity indicate that the high 
turbidity encountered during low flow periods was caused by the 
presence of a large standing crop of plankton, coupled with a bloom of 
the blue-green alga, Anacystis. 
Mean monthly temperatures in the Potomac River nursery rose 
from a low in April of 10° C to a high in July of 27.5°C (Fig. 4-3). 
·\ 
Dissolved oxygen concentration decreased, as expected, from April 
c.10. 2 ppm) to July ( 7 and 6 ppm for surf ace and bottom water, 
respectively). 
Productivity measurements were minima 1 in Apri 1 at a 11 three 
nursery stations of the Potomac River. Following a slight increase 
in May (Fig. 4-8 ) , the estimates peaked in June reaching values of 
- 3 ,, 
40, 93, and 105 mg C/m /hr for upper, middle, and lower stations. 
P·toductivity decreased in July ( 15 to 30 ~g C/m3 /hr) and showed 
little variation for August. 
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Ratios of nitrate to phosphate were highest in June at 2.6 and 
2.2 for surface and bottom water (Fig. 4-8 ). The ratios decreased 
to minimum values in August. Nitrate and phosphate concentrations 
~ere much higher in the Potomac River than in the other four rivers. 
Values of N0
3 
rarely fell below 300 pg/liter and P04 values often 
exceeded those of nitrate in July and August. 
Little variation in ch.lorophyll "an concentrations occurred 
between April and June, maintaining about 10 pg/liter for both 
surface and bottom measurements. Concentrations increased in July 
(Fig. 4-8) and peaked in August at 40 and 36 pg/liter for surface 
and bottom, respectively. 
Salinity throughout the five month period (April-August) was 
constant at 0.15 to 0.20 ppt for surface and bottom water. 
Estimates of primary production and physical and chemical 
measurements from the Potomac River are summarized in Table 4-5 by 
station and by month. 
( \ 
'\ 
\\ ' Ii . 
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SUMMARY 
Mean monthly discharge rates increased in all rivers to maximum 
values in June and May (Potomac). Available flow data from the James, 
M;ittaponi, and Potomac rivers show _a sharp decline in July, followed 
by slowly increasing values through September, The magnitude of 
discharge is greatest in the Potomac a~d James rivers and least in 
the Mattaponi River reflecting the size of the drainage basins. 
Turbidity curves for the most part correspond to flow curves through-
~ut the study period- Greatest turbidity occurred.in the James and 
Rappahannock rivers, 
At all stations·in the 5 rivers, surface water temperature 
increased progressively from April through July. Dissolved oxygen, 
conversely, was highest in April- Minimum levels of DO were recorded 
in June at the middle nursery stations, Minimum o2 at the upper 
nursery stations occurred from May (Rappahannock) to August (James) 
and the Potomac 1ower station dipped in August. 
Primary productivity, measdred by the c
14 
technique, exhibited 
a wide range of values throughout this study period, Highest 
productivity values were recorded in June at all locations except 
the upper and middle stations of the Pamunkey (August and July) and 
Rappahannock (April) and the upper Mattaponi station (August). 
Lowest rates were measured in May (James, Rappahannock) and April 
(Pamunkey, Mattaponi, and Potomac)· In general, the nutrient rich 
Potomac and James rivers were more productive than the other rivers, 
though the highest recorded value came from the Rappahannock lower 











Of all parameters measured) total nitrates exhibited the greatest 
rive_r-to-river variation both between ~~nths and between stations. 
Peak nitrate values were measured in August (James)~ July (Mattaponi)) 
June _(Pamunkey) Potomac) and in May (Rappahannock). Lowest values 
of nitrate were recorded in August (Pamunkey) Mattaponi)) July) (lower 
stations of the Rappahannock and Potomac)) June (upper Rappahannock)) 
. •' 
M-1y ( James and Potomac middle stations) and April ( James upper and 
lower stations and Rappahannock middle station). 
Total phosphate varied slightly b.etween stations within each 
river. The Pamunkey and Mattaponi rivers are the least stressed by 
pollution and showed a reverse monthly phosphate curve relative to 
,J:he other rivers. Peak values were recorded in August (Potomac), 
July ( James and Rappahannock) and April (Ma ttaponi and Pamunkey). 
Lowest levels of total phosphate were measured in August (Mattaponi). 
June (James and Rappahannoq~) and May (Pamunkey and Potomac). 
Nitrate-phosphate ratios showed similar trends in each river 
though the values differed markedly. In all cases, low N:P ratios 
were observed in April, rising to peak values in June which corresponds 
with the period of peak discharge and productivity. N:P ratios 
decreased in July and August, The calculated mean ratios were highest 
in the James and Rappahannock rivers (2 to 5) and were consistently 
lower (0 . 5 to 2. 5) in · the Pamunkey, Ma ttaponi, and Potomac rivers. 
Levels of chlorophyll "a" increased in all rivers with increasing 
temperature. Highest values were recorded in August (James, Mattaponi, 
and Potomac rivers) and July (Pamunkey and Rappahannock). Lowest 
values were measured in July (Ma ttaponi)' June ( Pamunkey' Rappahannock)' 
May (Potomac) and April (James), · Chlorophyll concentration was 
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greater at the middle and lower stations in all rivers. At their 
peaks, chlorophyll "a" values were several times greater in the heavily 
enriched Potomac and James rivers as compared to the other three. 
Salinity was low and consistent from April through August in 
the Rappahannock and Potomac rivers. Sharp increases in salinity 
were noted in September in the James River and in August in the 
Nattaponi and Pamunkey rivers· · 
II. Growth of Juvenile Alosids - 1971 
Monthly trawling for alosids was conducted from May through 
October in the Potomac, Rappahannock and James rivers and from 
May through September in the Pamunkey and Mattaponi rivers. The 
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~ otomac and Rappahannock nurseries· were .$amp led approximately l""NO 
weeks earlier each month than the other three rivers. Some difference 
in growth of juveniles between northe:rn and southern rivers may be 
attributable to this two week lag in collections each month. Because 
of sporadic occurrence of the three species at the designated nursery 
· ···stations mean lengths of a losids were derived from combined collections 
in all cases. 
James River 
May collections in the James River included 336 blueback and 
one alewife of the 1970 year-class; no young-of-the-year alosids 
were taken. From June through September, no yearlings were 
obtained and the 1971 year class of all three species of Alosa 
showed a progressive increase in mean length from month to month. 
In all cases, American shad were the largest fish, alewife were 
intermediate and blueback were smallest. No hickory shad were 
taken in these collections. 
Average growth rate.of the three species during the four 
months was 7,5, 8,5, and 12.3 mm per month for the blueback, 
alewife, and American shad, respectively. Although growth rate 




all three species were greatest at the middle station in the vicinity 
of Hopewell. 
Pam unkey River 
All three species of Alosa were · obtained in the Pamunkey River 
from June through September. American shad,, taken in August averaged 
4 mm smaller than those of July, This decrease in average fork 
length reflects the inadequacy of small sample sizes. American shad 
attained the greatest leng.ths ( except August) and bluebacks were 
smallest throughout the collections. The mean monthly growth rate 
for the four months was 6.3 mm for bluebacks, 9. 7 nun for alewif e, 
and 9.7 mm for shad. No hickory shad were collected from the Pamunkey 
River. The largest juvenile alosids we obtained were taken from the 
lower station in the vicinity of West Point. 
Mattaponi River 
Alewife and American shad were collected from June through 
September in the Mattaponi River whiie bluebacks were absent from 
the June collections. Mean lengths of shad were largest ( except 
September) and bluebacks were smallest in each month and at all 
stations. Alewives were larger than shad in September. No hickory 
shad were obtained in our sampling program. 
Fastest growth in length takes place in alosids following 
utilization of the embryonic yolk sac. Only a three mm increase 
in mean fork length was noted for bluebacks taken betvJeen July and 
September, To compare blueback gro~th in the Mattaponi River with 
that in other nurseries it was necessary to extrapolate the growth. 




average growth rate of this species in the Mattaponi River was 5.7 
mm per month, while alewife averaged 10.7 mm/mo. and shad averaged 
9. 0 mm/mo. · Alewife taken from the extreme lower reaches of the 
Ma ttaponi ( 10 miles below the lower nursery station) in September 
had a mean fork length 21 mm greater than those obtained at the 
regular nursery stations. Early·spawning runs of alewife (March) 
in the York tributaries have be~n observed (J. Miller, personal 
,, 
communication). This coupled with a prolonged spawning season could 
account for the large variation in mean lengths. In most schooling 
fishes individuals of similar size groups tend to remain together 
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and exodus from the nurseries may be correlated with fish size, i.e., 
larger juveniles being physiologically more capable of osmotic regula-
tion in waters of higher salinity than small fish. For these reasons 
both groups of juvenile alewife from the Mattaponi are considered one 
year-class. The average -fork-length for September given in Fig. 4-8 
is a mean of all fish taken. The August collection of alewife in the 
Mattaponi was represented by only .13 fish. 
Rappahannock River 
Bluebacks collected in May in the Rappahannock River belonged 
to the 1970 year class and averaged 57 mm (FL) larger than those taken 
in July. No alosids were obtained in June samples. Only 27 American 
shad were taken during the four-month period (July-October) and this 
species maintained the largest mean length in each month despite the 
small sample sizes, Alewife were intermediate in length and total 
numbers during this period while bluebacks maintained smallest mean 
lengths, and were the most abundant alosid in the trawls. Average 
monthly growth rate in the Rappahannock was 7. 0, 7. 7, and 14. O mm 
for blueback, alewife, and American shad, respectively. No hickory 
•.• •, , 
I 
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shad were collected in this river though a substantial spawning run · exists. 
Potomac River 
May and June collections in the Potomac produced yearling blue-
backs with mean lengths of 100 mm and 110 mm, respectively. Young-
of-the-year alewife were collected fr~m June ' through October and 
maintained larger sizes than either shad or bluebacks. Alewife •' 
g·.,owth rate averaged 12 mm per month. American shad were sparsely 
represented (24 fish from July-October) in this river and were 
slightly smaller than alewife though t.he average monthly growth 
rate was greater (12.7 mm/mo.). Bluebacks collected between July 
and October averaged 9.0 mm/mo. growth and were of smaller size 
.. ~han the other two species. Hickory shad were not taken in the 
Potomac River. 
Summary 
In May and/or June, biuebacks of the 1970 year class were 
taken from the Potomac, Rappahannock, and J'.1mes rivers, with mean 
length per river decreasing in that order. Since no distinct fresh-
water zone was noted on scales of these yearlings, it appears that 
they overwintered in the lower I?.ortion of the rivers or Chesapeake 
Bay and moved back into the nursery with migrating adults. The 
yearlings apparently migrate to sea in the spring. 
Within the nurseries, bluebacks vary in growth rate between 
rivers (Fig. 4-9). Bluebacks from the Potomac River were largest 
each month (except July) and had the greatest m·ean growth rate in 
length of the five rivers. Bluebacks obtained from the James River 
were larger each month and had a greater average growth rate than 
those from the remaining rivers. The two-week lag in collections 
between rivers accounts for part of this size difference. Bluebacks 
from the Rappahannock River were smaller than those f rom the· Pamunkey 
and Mattaponi in July and August and were larger in September and 
October. Average monthly growth rate was greater in the Rappahannock 
than the York system, Within the Yo.rk River system growth of blue-
backs was similar for the two tributary rivers with the Mattaponi 
' . 
having a slower growth rate than the Pamunkey River. No bluebacks 
were obtained in June from the Mattaponi, 
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Young-of-the-year alewives collected in the Potomac River nursery 
from June to October (Fig .. 4-lO)had greater average monthly growth 
increments and mean lengths than any other river. Alewives from the 
Rappahannock were larger from August through October but average 
growth rate was less than that of the remaining three rivers. 
Alewives collected in the James River were slightly larger than those 
from the Pamunkey and'Mattaponi (excluding the September samples) 
though the average growth increment was less. Alewives from the 
Pamunkey River were slightly smaller than those from the Mattaponi. 
each month. 
Growth of juvenile American shad from June to October was similar 
to the other a losids (Fig. 4-.l]). Shad were best represented in the 
James River and showed constant monthly growth .. American shad from 
the Rappahannock and Potomac were largest between August and October 
with those from the former river maintaining the fastest growth rate. 
Shad from the Mattaponi and Pamunkey rivers maintained similar growth 
increments between June and Septern~er though the rate of ·growth was 
slightly greater in the Pamunkey. The apparent decreases in mean 
length from one month to the next (Fig. 4-lU were caused by inadequate 






The largest alewives, bluebacks, and shad were taken from the 
middle station in the James (Hopewell vicinity); the lower sta tions 
in the Mattaponi and Pamunkey (West Point vicinity); the upper 
station in the Rappahannock (Fredericksburg); and the middle and 
upper stations in the Potomac (Alexandria). These areas receive the 
greatest nturient enrichment and generally had the hig~est product-
ivity and chlorophyll values. 
A more thorough analysis of alosid growth in the nurseries will 
be available when larvae obtained in meter nets sampled during 
April and May are sorted to species and measured. The analysis of 
alosid food habits and availability of food items in the nursery 
as well as an analysis of predator-prey relationships and competition 
for food will aid in the description of trophic dynamics and community 
structure in the five nurseries under examination. 
,,, ....... 
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Stomach Analysis of Fishes in the Alosid Nursery 
Food habits of associated fishes are being assessed for possible 
predator and competitor relationships with a losids at a 11 life stag es. 
preserve, Stomach from associated species were removed fr, om the fishes, d 
1nd returned to the laboratory for analysis, A sample of ten stomachs/ 
species/river/month was sought, Individual stomachs were removed 
from storage and rinsed in water, A1! arbitrary scale from O to 5 
was employed to rank the degree of fullness of individual stomachs. 
Food items were removed from the stomach and counted. The volume 
,,, displacement for all similar food items ,in a given stomach was 
recorded. 
Analysis is presently incomplete and continuing. A detailed 
account shall be presente~ in a later report. 
White catfish, Ictalurus catus, are considered multi-trophic 
level feeders in the estuary and have a wide tolerance to salinity. 
Foods taken in the alosid nursery ( Table 4-6) were dominated by 
tendipedid larvae (83% incidence). An indication of broad food 
habits is the occurrence of th~ silvery minnow and fish eggs in 
the stomachs. Thus the white catfish is suspected as a predator upon 
the egg, larval, and juvenile stages of alosid development. 
Channel catfish,!.:_ punctatus, are similarly disposed to feeding 
at multi-trophic levels,, From the stomach analysis to date (Table 
4-7) foods taken mimic those of the white catfish. This species 
is considered a stronger predator upon larval and juvenile alosids 
since it reputedly feeds more in the water column than on the bottom. 
,\, .. ), 1::, 




Brown bullheads, l:_ nebulosus, are considered benthic or epibenthic 
feeders at multi-trophic levels. Foods taken by the species in the 
Rappahannock River mimic those of other catfish while brown bullheads 
in the Potomac River are more diverse in food habits (Table 4-8). 
Since this species is more closely associated with the river bottom, 
we anticipate predatory tendencies on the eggs and larvae of the river 
herrings. 
White perch, Morone americana, is predominantly an epibenthic 
feeder at the smaller sizes and progresses into semipelagic food 
habits as an adult, The analyses to date indicate food habits similar 
to the catfishes (Table 4-9), Young white perch would most likely 
prey upon egg and larval stages of alosids while adults could prey 
upon all juvenile life stages. -. Adult white perch in the saltwater 
reach of the York River were not significantly piscivorous (Van 
Engel and Joseph, 1968), 
Striped bass, Morone saxatilis, longer than 200 mm FL are 
strongly piscivorous (Markle and Grant, 1970). During their first 
year of life foods are predominantly epibenthic and pelagic crusta-
ceans. Since areas of the river inhabited by the striped bass and 
alosids do not appreciably overlap, predation affects are minimal 
during the summer months, However, striped bass are likely predators 
upon the adult aJ.osids traversing the estuary to and from their 
spawning g-rounds and upon juvenile alosids on their.way to se~ in 
the fall, 
Hogchokers, Trinectes maculatus, are considered epibenthic 
f~eders. Owing to their small mouths and generally diminuitive 
size, they are considered unlikely predators upon a1osids except 
at the egg and early larval stages, · Present results (Table 4-10) 







( tendipedid) remains predominating stomach contents of fish .from 
freshwater areas. 
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Adult hickory shad, Alosa mediocris, were obtained in commercial 
fish samples from the Rappahannock River and from sport fishing 
activities at Cheatham Naval Annex in the York River. Items demon-
strate rather broad food selection (Table 4-11) with benthic and 
pelagic representatives. All specimens were taken in .1.0-15%0 salinity, 
thus predation upon juvenile a losids is unlikely. Data were included 
since hickory shad reportedly fast during their spawning migration. 
However, they apparently feed voraciously upon anchovies, menhaden, 
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Su'!lmary of physical and chemical measurements and estima~es of primary production 
in the alosid nursery o f the James River, 1971. 
cl4 
PROD. TEMP. SAL. D.O. CHL a N p RATIO TEMP. SAL. D .O. CHL a N p 
mg/M3/hr 0 c %o mg/1 ug/1 ug/1 N:P oc %o mg/1 ug/1 ug/1 
U P P E R S T A T I O N 
S U R F A C E BOTTOM 
- 10.6 0.14 10.4 3.6 · 225 105 2.14 11. 0 0.11 10.4 3.5 250 237 
0.69 18.9 0. 0 9 7.9 4 .2 230 95 2.42 19.7 0.08 8.0 4 .4 194 93 
22.99 29.0 0.12 6.0 4 .1 318 94 3.38 25.0 0.08 7.2 2.4 318 103 
14 .05 29 . 5 0.14 6.9 7. 4 329 232 1.42 29.0 0.11 5.1 8.5 218 248 
11. 13 25.0 0.13 5 .6 12.4 534 1 4 3 3. 73 26.0 0.11 5.4 13.6 471 1 59 
26. 0 0 .29 5.5 2 4 .0 0.25 6.3 
M I D .D .L E S T A T I O N 
SURF A-CE BO'TTOM 
- 10.5 0.14 9.3 - - - - 9.7 0.13 9.7 4.9 310 255 
1. 6 5 19.5 . 0. 08 6. 7 5.1 2 4 1 98 2.46 19.3 0. 07 6.6 8.8 200 161 
35.11 26 . 8 . 0. 09 4 .0 8.1 350 94 3 .72 25 . 7 0.08 6.7 5.5 287 113 
27. 06 28.0 0.12 5.2 12.4 250 198 1.26 28.2 0.11 5.6 16 .8 261 228 
1 3 .05 25.0 0.12 7. 4 32.3 516 166 3.11 25.5 0.11 7.3 28.4 501 166 
26 .1 0.26 5.1 25.0 0.38 4.2 
LOWER S T A T I O N 
S U R F A C E BOTTOM 
- 9.9 0 . 13 9.7 2.9 181 15 4 1.18 10. o. 0.13 10.3 
9.46 20.1 0.11 6.0 22.l 301 103 2.92 20.5 0.11 6.1 12.0 297 112 
23 .07 27. 5 0.08 5.8 5 .1 4 50 80 5.63 24 .0 0.07 4.9 3.2 412 82 
21.69 28. 3 0. 10 7.5 21. 4 1065 178 5.98 28.1 0.10 6.0 15.8 1156 197 
19 .61 26 .o 0.12 7.9 25.0 762 138 5,52 26.0 0.11 7.5 23.1 654 178 
27 .a G.29 S.9 2S.0 0.19 4.2 
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Table 4-2. Summary of physical and chemical measure~ents and estimates of primary production 
in the alosid nursery of the Pamunkey River, 1971. 
i•1EAN 10% cl4 
FLOW LIGHT PROD. Tb•1P. SAL. D.O. CHL a N p RATIO TEMP, SAL. D.O. CHL a N p 
cfs M mg/M3/hr 0 c %o mg/1 ug/1 ug/1 N:P oc %o mg/1 ug/1 ug/1 
UPPER STATION 
S U R F A C E BOTTOM 
1250 0.60 1.88 7.6 o. 06 10.6 3.1 · 115 89 1. 29 7.8 0.06 10.6 5.3 121 207 
1660 0.90 - 18.2 0.16 6.7 9.2 132 70 1.89 18.8 0.09 7.2 9.2 123 61 
2370 0.45 21.69 . 24.0 0.08 6.0 3.9 202 73 2.77 24.0 0.08 6.0 4.4 207 60 
N,A. \ 0.60 29.88 25.0 0.07 7.5 12.6 101 102 0.99 25.5 0.07 7.4 9. o. 172 87 
N.A. 0.40 34.41 23.0 0.12 6.2 5.5 31 70 0.44 23.0 0.07 6.2 5.4. 31 35 
N.A. 
MI D.D .LE S T A T I O N 
SURFACE B o·T TOM 
0.40 3.52 8.6 ·0.06 10.4 5,3 184 380 0.48 8.4 0.07 10.8 3.7 131 ·326 
. 0. 90 - 21.5 0.08 7.7 7.4 38 78 0.49 21.0 0.06 7.6 7.1 35 98 
0.40 21.92 25.5 0. 07 5.3 5.0 104 93 1.12 25.1 0.06 5.1 9.4 122 123 
0.60 33 .47 27. 5 0.06 7.2 13.6 34 88 0.39 27.0 0.06 7.2 9.3 44 113 
0.60 18.13 24.5 0.08 6.6 7.6 13 88 0.15 . 24. 5 0.09 6.6 7.9 10 88 
LOWER S T A T I O N 
S U R F A C E B O T T O M 
0.30 3.06 8.6 0.17 10.7 7.0 156 193 0.81 9.9 0.18 9.9 10.4 176 95 
0.30 - 21.0 0.41 6.9 8.5 90 99 0.91 19.0 0~22 7.4 10.4 76 107 
0.35 21.69 24.5 0.08 6.0 6.4 178 86 2.07 25.0 0.07 4.6 9.7 147 128 
0.40 10.43 27.0 0.12 6.0 9.8 214 145 1.48 26. 0 0.11 5.6 11.2 194 77 
0.40 12.07 24.5 1. 35 5.8 8.3 84 93 0.90 24.0 l. 71 5.6 8.4 68 137 
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Table 4-3. Summary of physical and chemical measurements and estimates of primary production 
in the alosid nursery of the Mattaponi River, 1971. 
!-1EAN 10'/o cl4 
FLOW LIGHT PROD. TEMP. SAL. D.O. CHL a N p RATIO TEMP. SAL. D .O. CHL a N p RATIO 
cfs M mg/M3/hr °C 'loo mg/1 ug/1 ug/1 N:P oc %o mg/1 ug/1 ug/1 N:P 
U P P E R S T A T I O N 
SURFACE BOTTOM 
APR. 455 1.20 1.14 7.4 0.07 10.8 2.9 160 213 0. 75 7.5 0.06 10.3 3.0 
MAY 820 0.80 0.92 19.0 0.05 6.7 3.5 67 66 1.02 19.5 0.05 6.8 3.4 71 67· 1.06 
JUNE 985 0.50 6'. 33 24.2 0 .17 4.6 · 3. 0 79 74 1.07 23.8 0. 07 4.6 2.3 86 86 1.00 
JULY 230 0.70 4.24 25.2 0.08 . 5. 7 2.8 102 121 ·0.84 25.0 0.06 5.5 3.2 97 105 0.92 
AUG. N.A. 0.50 20.84 24.0 0.11 5.3 16. 5 218 98 2.22 24.0 0.10 5.1 12.9 182 73 2.49 
SEP.· N.A. - - 19.5 ·0.09 5.1 - .. - - - 20.5 0.06 5.2 
MI D;D .LE S T A T I O N 
S U R F A C E B O T T O M 
APR. 0.60 2.33 8.0 o. 05 10.9 3.6 335 -474 0. 71 8.2 0.06 10.5 5.1 
MAY 0.80 5. 72 20.0 ,0.05 7.1 3.5 61 69 0.88 19.0 0.06 6.6 3.4 54 98 0.55 
JUNE 0.60 22.60 24.8 . 0. 07 ·5.0 4.5 64 . 58 1.10 24.0 0.06 4.9 3.3 53 76 o. 70 
JULY 0.80 7.02 27 .o 0.05 5.4 3.8 102 138 0.74 26 .0 0.05 5.3 3.1 90 115 0.78 
AUG. 0.60 22.03 24.0 0.14 5.7 9.4 7 64 0.11 23.5 0.12 5.7 9.0 4 68 0.06 
SEP. - - 22.0 0.14 5.2 - - - - 22.0 0.05 5.4 
LOWER S T A T I O N 
S U R F A C E BOTTOM 
APR. 0.30 1.92 8.3 0.10 10.8 4.0 - - - 8.5 0.12 10.5 6.4 392 460 0.85 
MAY 0.30 2.18 19.3 0.10 7.0 4.7 62 122 0.51 20.8 0.16 7. 2 · 4.4 51 120 0.43 
JUNE 0 .60 13.81 2 '., . 5 ·0.09 5.5 ~.9 86 71 1. 21 24.5 0.09 5.6 6.2 80 86 0.93 
JULY 0.50 10.94 26.5 0.10 4.9 4.4 112 145 0.77 25.8 0.10 4.8 4.0 107 157 0. 68 
AUG. 0.30 11.52 24.0 1.13 5.0 11.8 14 69 0.20 22.5 1.18 . 5.1 7.8 16 l4l/- 0.11 
SEP. - - 22.5 0.31 5.4 - - - - 22.0 · 0.13 5.0 
~-·, 
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Table 4-4. Summary of physical and chemical measurements and estimates of primary production 
in the alosid nursery of the Rappahannock River, 1971. 
MEAN 10"/o cl4 
FLOW LIGHT PROD. TEMP. SAL. n.o. CHL a N p RATIO TEMP. SAL. n.o. CHL a N p 
cfs M mg/M3/hr °C %o mg/1 ug/1 ug/1 N:P oc %o mg/1 ug/1 ug/1 
UPPER S T A T I O N 
S U R F A C E BOTTOM 
APR. 930 1.00 18.34 13.1 0.06 9.5 3.5 314 83 · 3. 78 13.1 0.06 9.0 5.1 408 88 
MAY 2840 ,0.80 2.54 22.0 0.07 6.5 . 3.4 466 73 6.38 22.0 0.06 7-.6 3.2 554 63 
Jl1'JE 7650 0.30 6. 71 24.0 0.06 7.8 1.9 282 134 2.10 21.Q 0.06 7.9 2.6 592 98 
JULY - 0.45 12.29 28.2 0:08 8.4 13.4 416 144 . 2. 89 27. 3 0.11 . 6.2 3.2 374 158 
AUG. - - - 26.0 0.10 7.1 - - - - 26.0 0.09 7.3 
SEP •. - - - - - - - ,· 
M I D .D .L E · S T A T I O N 
SURFACE BOTTOM 
APR. 0. 40 19.32 13.l . 0 .05 9.0 5.8 206 i67 1. 23 13.2 0.06 8.9 5.8 346 71 
MA~ 0. 40 2.24 20.5 0.06 6.6 3.0 616 93 6.62 20.3 0.06 6.7 7.3 464 128 
JUNE 0.50 15.08 23.4 0.07 6.1 2.3 496 91 5.45 23.0 0.11 6.2 2.7 462 83 
JULY 0.45 9.21 28.2 0.08 7.6 11.2 366 121 3.03 28.l 0. 07 5.5 10.8 341 1-33 
Al:G. - - 26.0 0.07 8.2 - - - - 26.0 0.08 7.2 
SEP. - - - - - - -
LOWER S T A T I O N 
S U R F A C E BOTTOM 
APR. 0.40 23.06 12.8 0.05 7.3 6.4 312 108 2.89 12.8 0.06 8.4 .14 .6 292 98 
MAY 0.50 8.92 22.4 0.07 6.9 9.0 378 132 2.86 21.5 0.06 6. 5 · 6.4 311 97 
JU1'JE 0.35 109.10 24.4 0. 07 6.8 ; 8,5 3!:+7 85 4.08 23.5 O. 06 7.6 4.6 404 108 
JULY 0.40 17.38 27.5 0.08 8.0 10.0 68 144 0. 47 27. 2 0.06 7.7 9.3 36 148 
AUG. - - 26.0 0 .16 7.3 ;... - - - 25.S 0.09 7.1 
SEP. - - - - - - - - - - - -
,,...~ 
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Table 4-5. Summary of physical and chemical measurements and estimates of primary production 
in the alosid nursery of the Potomac River, 1971. 
~1EP,N 10% cl4 
FLOW LIGHT PROD. TEMP. SAL. D.O. CHL a N p RATIO TEMP, SAL. o.o. CHL a N p RATIO 
cfs M mg/M3/hr °C %~ mg/1 ug/1 ug/1 N:P oc %o mg/1 ug/1 ug/1 N:P 
U P P E R STATION 
S U R F A C E BOTTOM 
A?R. 10710 1.00 0.94 -12.4 0.17 10.3 4. 7 · 522 336 1. 55 11. l 0.15 10,9 8.1 560 326 1. 72 
MAY 16250 0.90 1.39 22·. 5 0.12 7.6 3.3 346 175 1.98 19.8 0.12 7.4 8.3 348 142 2.45 
JU\JE 15110 0. 40 40. 54 24.8 0.15 8.1 8.0 680 354 1.92 23.8 0.15 5.7 5.8 626 368 1. 70 
JULY 3070 0.40 1 4 .75 28.5 0.18 4.2 7.5 132 640 0.21 27.0 0 .17 3.0 7,8 101 788 0,13 
AUG, 5770 0.60 13.50 27. 0 0.19 5.3 18.5 107 765 0.14 26.0 0.18 5.5 10,9 78 840 0.09 
SEP. 7130 
MI D.D .LE S T A T I O N 
S U R F A C E BOTTOM 
APR. - 3.99 8.8 · 0 .15 9.9 8.0 506 326 1. 55 8.9 0.15 9.5 13,9 560 286 1.96 
MAY 0. 70 4.95 25. 0 · 0.13 6.9 4.7 254 198 1. 28 20.2 0.12 6,7 7.8 293 218 l.34 
Jw\JE 0. 4 5 93.41 24.5 0.15 7.0 9.0 620 220 2,82 24.0 0.12 7.3 8.0 560 204 ,2. 75· 
JULY 0.40 20.95 27.5 0.16 8.1 38.4 594 296 2.01 27 .2 0 .17 6.4 10.5 656 250 2.62 
AUG. . 0.30 27. 35 25.5 0.17 9.6 63.6 444 318 l.40 - 26 .o 0.16 9.8 59.8 442 356 1.25 
SEP, - - - - - - - - - - - - -
LOWER S T A T I O N 
S U R F A C E BOTTOM 
APR. 0.45 9.04 9.0 0.13 10.4 13.9 600 195 3.08 9.7 0.13 10,5 14.4 608 220 2.76 
MAY 0.90 10.55 23.0 0.14 . 8 .1 9.0 464 152 3.05 20.5 0.15 6.1 9.7 432 292 1. 48 
JUNE 0.45 105.00 24.5 0.16 8.5 10.5 478 148 3.23 24.0 0.11 8.1 12.4 460 212 2.17 
JULY 0.45 30.55 26.5 0.24 10.1 37. 9 220 270 0.82 26.7 0.25 8.4 22.6 316 253 1.25 
AUG. 0.30 31.91 25,5 0 .17 7.7 38.8 288 304 0.95 25.7 0.16 7.1 38.4 290 300 0.97 
SEP. - - - - - - - - - - - - - -
~:-;- __ 




Table 4-6 . Stomach conten t s of I cta lur us ca t us (white catfish ) in 













x = 1.2s 
Food 
Items 
30 tendipedi d 
larvae 
27 unident if i ed 
larvae 
2 Hypogna thus 
nu.cha li s 
1·copepoda 
1 la rge shad 
scale 
% 
Inc idence Volume 
83 Trace 
8 Tr ace 
8 22 ml 
8 Trac e 
8 Trace 
Table 4-7. Stomach contents of I c t a lur us punc tatus (channel catf i sh) 
in the Rappahannock River, 1971. 
Date Number Number Degree of 
Food ·% 
Collec t ed Exami ned Dnpty Fullness 
Items Incidence Volume 
April 30 12 1 o. 5-2. 0 86 Tendipedid larvae 100 Trace 
9 unidentified 
x= 1.2 fish eggs 33 Trace 
Table 4-8. stomach contents of I c talurus nebulosus (brown bullhead) from the Rappahannock and Potomac rivers , 1971. 
Date Number Number Degree of 
Food % 
Collected Examined Dnpty Fullnes s 
Items Incidence Volume 
April 30 10 0 0.5-2 .0 
253 T.endipedid 
larvae 100 Trace 
Rappahannock 
7 unidentified 
River x= 1.35 fish eggs 20 · Trace - - - - - - - - - - - - - - - - -- - -
April 27 2 0 
1.0-3 .0 72 Tendipedid 
larvae 100 Trace 
3 unidentified 
fish eggs so Trace 
x= 2.0 87 Ostracoda 100 Trace 
1050 Copepods 100 Trace 
Potomac · 
69 Cladocera 50 Trace 
River 
1 Water Mite so Trace 




Table 4-9. Sto~ach contents af Marone americana (white perch) from 
the Rappahannock and Potomac Ri vers, 1971. 
Date Numbe.r 
Collected Examined 
April 27 2 
Potomac 
River 
April 30 13 
Rappahannock 
River 
Number Degree of 
Dnpty Fullness 
0 3,0-4.0 
x = 3.5 
4 0.5-1.5 
X = . 73 
Food % 
Items Incidence Volume 
16 Tendipedid 
larvae 100 Trace 
226 Ostracoda 50 Trace 
480 Copepoda 100 Trace 
18 Cladocera 100 Trace 
3 Amphipoda 50 Trace 
1 Argulus 50 Trace 
47 Tendipedid 
larva e 62 Trace 
1 other Dipteran 8 Trace 
1 Copepoda 8 Trace 
Table 4-10, Stomach contents of Trinectes maculatus (hogchoker) from 
























Table 4-11. Stomach contents of Alosa mediocris (hickory shad) 
from York and Rappahannock rivers, 1971. 
Date Number Number Degree of 
Food % 
Collected Examined E)npty Fullne.ss 
Items Incidence 
May 20 4 0 1.0-5 .0 
34 Polycha~tes 75 
58 ,Anchoa 
"J.= s.1· mitcni'lli 75 
7 unidentITied 
fish remains 100 
York 
River 
1 Amphipoda 25 
April 30 1 0 1.0 
4 Tendipedid 
larvae 
June 8 3 0 
o.5-2,0 9 Brevoortia 
tyrannus 66 
Rappahannock x == 1.15 1 
unidentified 
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Figure 4-2. comparison of mean monthly discharge and relative 
_turbidity in the five nurseries, April-September, 
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Figure 4-9. comparative mean monthly growth of juvenile blueback· 
herring in the five nurseries. Number of fish is 
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Figure 4-10. comparative mean -monthly growth of juvenile alewife 
in the five' nurseries. Number of fish is given 
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Figure 4-11. comparative mean monthly growth of juvenile American 
shad in the five nurseries. Number of fi sh is given 
about each mean. 
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Job 5, Investigation of Racial Structur8 
To date, three of the biochemical characters proposed have been 
examined to varying degrees and e~aluate9 to suggest further study. 
Because of methods problems, one of the three characters has been 
dE:.:.erred for the present, The other two have b~en investigated to 
soi:ne depth. 
Esterases 
At the time of this report, serum esterase activity has been 
examined in Alosa aestivalis; a polymorphism was discovered and 
examined in six river populations. Similar population data has not 
been gathered for Alosa pseudoharengus. 
Twelve bands of esterase activity appeared in Alosa aestivalis 
under the proposed methods (Fig, 5-1). Of these bands, a number 
show no intraspecific variation, Two bands,. tenned Es-2a and Es-2b 
showed what might be interpreted as a polymorphism fitting a single 
locus, two codominant allele model for genetic control. Phenotypic 
data suggests close fit to the H~rdy-Weinberg equilibrium which 
supports the above hypothesis of a one locus, 2 allele system. 
To date, six of the eight collected populations have been 
studied for this polymorphism, The results appear in Figure 5-2 as 
the distribution of Es-2a allele frequencies over the six populations. 
Lactate dehydrogenase - LDH 
Lactate dehydrogenase gave clear, concise, and reproducible 
results with the proposed methods, At present, intraspecific variation 
has been examined only in Alosa aestivalis. Unfortunately this character, 
5-2 
representing two gene loci, is apparently non-pol~norphic in this 
species. Of the sixty specimens examined from two populations (Black-
water and Chickahominy rivers) no genetic variants were observed at 
either loci. While other Clupeids such as Clupea !2..:_ harengus have 
exhibited rich polymorphisms for this enzyme (Odense, Allen, and Leung, 
1966) it may be suspected th,: this character is conservative within 
the genus. 
Transferrin 
This serum proteir has been located on acrylamide zymograms by 
autoradiography using iron-59, Its position relative to the 15-20 
other bands is extremely cathodal or slow, making it difficult to 
detect genetic variants under current conditions. Slow proteins 
have not yet separated well and present difficult problems when one 
is staining for total protein and obtaining large numbers of protein 
phenotypes. Changing of gel concentrations and perhaps pH may 
facilitate better detection, This problem has therefore been deferred 
for the present. This band has been located in all four species of 
Alosa and has a common position in each. 
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Figure 5-1. composite diagram of the serum esterases in the blueback 
herring, Alosa aestivalis. 
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Figure 5-2. _ Comparison of inter-river esterase allele frequencies. 
